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Nitrogen-fixing bacteria from black soil with functional diversity
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Abstract: Nitrogen fertilizer is an important chemical fertilizer for agricultural planting and an
important fertility factor for increasing crop yields. Lack or excess of nitrogen fertilizer in soil will
lead to soil acidification, soil consolidation, low crop yields and so on. Nitrogen-fixing bacteria can
reduce nitrogen in the air to ammonia that is beneficial to crops through the action of nitrogenase.
This process helps improve soil quality and subsequently promote crop growth. [Objective] To
obtain nitrogen-fixing bacteria from the black soil of northeast China and explore the effects of
nitrogen-fixing bacteria on soil quality and maize growth, thus providing excellent strain sources
for the development of microbial agents suitable for the environment of black soil in northeast
China. [Methods] We employed microbial isolation, culture, and functional characterization to
measure the nitrogen fixation, phosphorus solubilization, and indole-3-acetic acid (IAA) secretion
of the screened nitrogen-fixing bacteria. Pot experiments and soil physical and chemical tests were
carried out to evaluate the effects of nitrogen-fixing bacteria on soil quality and maize growth.
[Results] Three strains of nitrogen-fixing bacteria were obtained from the black soil of northeast
China. Among them, Paenibacillus sp. AHC-20 had higher nitrogen-fixing ability, while Raoultella
sp. Z93 and Paraburkholderia sp. W22 were multifunctional strains capable of fixing nitrogen,
solubilizing phosphorus, and producing IAA at the same time. The three nitrogen-fixing strains
were then applied to the black soil planted with maize. The plant height, biomass, and chlorophyll
content of maize significantly increased in the chemical fertilizer reduction+tAHC-20 group
compared with those in the control group with application of only chemical fertilizer. In addition,
the content of inorganic carbon, organic carbon, organic matter, ammonium nitrogen, and nitrate
nitrogen in black soil also increased significantly, which indicated that the efficient nitrogen-fixing
bacterial strain AHC-20 promoted maize growth upon chemical fertilizer reduction and improved
the fertility of black soil. [Conclusion] Nitrogen-fixing bacteria in black soil can effectively
promote the growth of maize and improve the quality of black soil to achieve fertilizer reduction
without compromising crop yields, showing the potential for the development of nitrogen-fixing
microbial agents.

Keywords: black soil; nitrogen-fixing bacteria; growth-promoting potential, corn to promote

growth; soil improvement
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Quantitative analysis of nitrogen abilities and growth rates of three nitrogen-fixing bacteria isolated

from black soil. A: Nitrogenase activity of nitrogen-fixing bacteria; B: Growth curves of nitrogen-fixing strains.
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Figure 2 Scanning electron microscopy (SEM) images of the cell morphology of three nitrogen-fixing bacteria.

A: W22; B: 793; C: AHC-20.
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Raoultella planticola ATCC 335317 (JMPP01000074)
72 l[ Raoultella ornithinolytica JCM 6096" (AJ251467)
Raoultella electrica 1GBT (AB762091)

Paenibacillus riograndensis SBR5T (LN831776)
Paenibacillus riograndensis SBR5T (GO985393)

6
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Paenibacillus salinicaeni LAMO0A28" (KM260652)
Paenibacillus azotifigens NF2-4-5T (KX510118)

E3 HETESE16S rRNARREFIINRG LB/ . 4> LAEUE HbootstrapfE (1 i m=50% % {H); $&

Z NN GenBank B 555 FRR0.05fCFRIEALIEE] .

Figure 3 Phylogenetic tree based on 16S rRNA gene sequences of nitrogen-fixing bacteria. Numbers at nodes

indicate bootstrap values (only values=50% are shown). GenBank accession numbers are in parentheses. The

scale bar 0.05 represents evolutionary distance.
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AHC-20 1 = K b & 2 35 I (& 4A), L,
AHC-20 Ab3HZH Y F R bR 2 25 T 80%N Xif Jif
2H, HEWE 15.1%. 7E#E; 50 d BF, AHC-20 AbF
M) EKEIF I F 2 P 4-5 Fr), T
80%N AL HEZH (1) oK 8D T 4 o #MHILZ
T, AR W22 Fi 293 il ik B 7 bk s A
R SXTIRA T B E 2R
252 MABERENERENEHIEN

B A B 3 B A e T AR
AL A Y T 80%N AN 55 B X e 4 (&
5). Hodr, MR 293 Il AHC-20 AUALBRZH b
T AW B EE N (E 5A), 293 A4 B

®1 DBEEREIREED

Table 1  Plant growth promoting potential of isolated

strains

Strains Phosphate IAA (mg/L)
solubilization (mg/L)

w22 2.49+0.20 2.5240.35

793 62.64+5.00 137.13£1.45

AHC-20 Not detected Not detected
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Figure 4 Plant height (A) and number of leaves (B) of maize. Different lowercase letters (a, b, ab) above the

bars indicate significant differences between groups based on statistical analysis.

A
3 5 1 NAEY i Under-ground biomass _ 1.5
I A= ¥4 Above-ground biomass

@ 3.0} ) .

5, 0 {12

s 25¢
1 & 3 2 M2 oo
K5 20f a 1Y

el
ﬂ § L.5¢ be 106
2 5 c '
=3 o

2 103

';% 0.5+

0.0 0.0
v ™ Q
Qo\o Q°\§ X&’\» X«\?) «2»0»
A v & & w
N X
& °
N

&5

o A

o]

4.0 . a
C 350 ab ab [ [
é 530} ] I J J
'g M]g é 25+ | [_l? J_
e}
e B
FQE = 1.0k
E ;

0.5

e ' o o S

QQ\§ ®\§ é@ Kivd v
S
S ® &
OOQ

EAREFREDERNNE. A: M YR T YR B: EARMEKRE AR,

Figure 5 Biomass measurements of maize plants. A: Above-ground and underground biomass; B: Total biomass

of maize plants. Different lowercase letters (a, b, ¢, ab, bc) above the bars indicate significant differences between

groups based on statistical analysis.
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contents in black soil. Different lowercase letters (a, b, ¢, ab, bc) above the bars indicate significant differences

between groups based on statistical analysis.
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